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© A driving apparatus comprises a driving unit and 
a drive voltage generating unit. The driving unit 
includes a scanning electrode driver and a data 
electrode driver for driving an electrode matrix 
formed of scanning electrodes and data electrodes. 
The drive voltage generating unit includes a first 
means for generating a fixed voltage, a second 
means for generating a source voltage for providing 
drive voltages for driving the electrode matrix, and a 
third means for generating a first voltage equal to a 
subtraction of the fixed voltage from the source 
voltage and a second voltage equal to. a subtraction 
of the source voltage from the fixed voltage. The first 
and second voltages are preferably controlled so as 
to vary depending on an external temperature. 
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DRIVING APPARATUS 



FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a driving ap- 
paratus, particularly a drive voltage generating ap- 
paratus for a ferroelectric liquid crystal panel. 

A conventional drive voltage generating ap- 
paratus for multiplexing drive of a TN (twisted 
nematic) liquid crystal panel has a system, as 
shown in Figure 9, comprising a plurality of resis- 
tors Ri and R2 (Rt* R2) connected in series be- 
tween voltage supplies v 0D and V ss in a drive unit 
so as to generate voltages Vi 2 , Via, Vu, V )S and 
Vi e determined by voltage division of a voltage Vi 1 
( = V D0 - V ss ) according to the plurality of resistors 
Rt and R2. Then, a scanning electrode driver is 
supplied with the voltages Vn, Vi 2( V15 and Vis, 
and a data electrode driver is supplied with the 
voltages Vn, Vi 2l V13 and Vu. The scanning 
electrode driver supplies a scanning selection 
pulse with a voltage Vn and a scanning non- 
selection pulse with a voltage V 15 to scanning 
electrodes in an odd- numbered frame operation, 
and a scanning selection pulse with a voltage V, 2 
of an opposite polarity to the voltages V t 1 and Vis, 
with respect to the voltage level Vss as the stan- 
dard, and a scanning non-selection pulse with a 
voltage Vu to the scanning electrodes in an even- 
numbered frame operations. On the other hand, the 
data electrode driver supplies a data selection 
pulse voltage V J2 and a data non-selection pulse 
voltage V13 to the data electrodes in synchronism 
with the scanning selection pulse V M in the odd 
frame, and a data selection pulse voltage Vi 1 of an 
opposite polarity to the voltages Vi 2 and V13, with 
respect to the voltage level v ss ; and a data non- 
selection pulse voltage Vu to the data electrodes 
in synchronism with the scanning selection pulse 
voltage Vi 2 in the even frame. 

The system shown in Figure 9 further includes 
a trimmer Rv for changing the application voltage 
which may be used for adjusting a contrast of the 
display panel. More specifically, by adjusting the 
application vojtape trimmer Rv, the voltage levels 
Vj 2 - V15 can be varied with the voltage level V n 
at the maximum so that the voltages applied to the 
liquid crystal panel can be varied. 

The scanning electrode driver and data elec- 
trode driver are supplied with supply voltages (V 0D 
- V ss ), 2nd the voltage applied to a liquid crystal 
pixel at the time of selection becomes Vn - Vi 2 , 
so that the maximum voltage applied to a liquid 
crystal pixel depends on the withstand voltage of 
the drive unit. 

On the other hand, various driving methods 



have been proposed for driving a ferroelectric liq- 
uid crystal panel. In the methods described in U.S. 
Patent Nos. 4,548.476 and 4,655,561 , for example, 
the scanning electrode driver and data electrode 

5 driver supply driving waveforms including voltages 
Vn. V 12 . v t3 and Vh satisfying fixed ratios of 
V, 1 :Via:Vi j:Vu = 2:2:1:1 with respect to the scan- 
ning non-selection signal voltage Vc wherein Vn 
and V12 and also Vn and Vu are respectively of 

10 mutually opposite polarities with respect to the 
voltage Vc. The amplitude of the scanning selec- 
tion signal voltage is (Vi 1 - V )2 ), and the amplitude 
of the data selection or non-selection signal voltage 
is (V, 3 - Vu), that is (Vu-Vi 2 )/2. Now, if it is 

;s assumed that the voltage Vn is fixed as the high- 
est voltage and division voltages V13. Vc, Vu and 
Vi 2 are generated as in the above-mentioned drive 
of a TN-type liquid crystal panel, and the division 
voltages are used for driving a ferroelectric liquid 

20 crystal panel, the maximum voltage applicable to a 
pixel is (Vn - Vu). More specifically, if V 0 o - v ss 
= 22 volts, the respective voltages will be such 
that Vu =22 volts, V (3 = 16.5 volts, Vc = 11 
volts, Vu = 5.5 volts and Vi 2 = 0 volt, and the 

25 maximum voltage applied to a pixel will be (Vn - 
Vu) = 16.5 volts. 

In this way, if the driving of a TN-type liquid 
crystal panel and that of a ferroelectric liquid cry- 
stal panel are composed, a driving unit of the same 

30 withstand voltage provides a smaller maximum 
voltage applicable to a pixel for • a ferroelectric 
liquid crystal panel because of the difference be- 
tween the driving methods. 

As the characteristics required of a ferroelectric 

35 liquid crystal panel, a higher switching speed and a 
wider dynamic temperature range are required, 
which largely depend on applied voltages. Figure 
1 1 illustrates a relationship between the drive volt- 
age and the application time, and Figure 12 ilius- 

40 trates a relationship between the temperature and 
the drive voltage. More specifically, in Figure 11, 
the abscissa represents the voltage V (voltage ap- 
plied to a pixel shown in- Figure 10), the ordinate 
represents the pulse duration AT (pulse duration 

45 shown in Figure 10 required for inverting the ori- 
entation at a pixel), and the dependence of the 
pulse duration AT on the charge in drive voltage V 
is illustrated. As shown in the figure, the pulse 
duration can be shortened as the drive voltage 

so becomes higher. Next, in Figure 12, the abscissa 
represents the temperature (Temp.), the ordinate 
represents the drive voltage (log V) in a logarithmic 
scale, and the dependence of the threshold voltage 
Vth on the temperature change is shown at a fixed 
pulse duration AT. As shown in the figure, a lower 
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temperature requires a higher driving voltage. It is 
understood from Figures 11 and 12 that an in- 
creased voltage applicable to a pixel allows for a 
higher switching speed and a wider dynamic or 
operable temperature range. 

On the other hand, designing of a drive unit 
(IC) having an increased withstand voltage for pro- 
viding a required drive voltage results in a slow 
operation speed of a logic circuit in the data elec- 
trode driver. This is because the designing for 
providing an increased withstand voltage generally 
requires an enlargement in pattern width and also 
in size of an active element in the drive unit (IC) to 
results in an increased capacitance which leads to 
an increased propagation delay time. Such a slow 
operation speed results in a decrease in amount of 
image data transferable in a fixed period (horizontal 
scanning period), so that it becomes difficult to 
realize a large size and highly fine liquid crystal 
display with a large number of pixels as a result. 

As is further understood from Figures 11 and 
1 2, an appropriate, temperature compensation must 
be effected with respect to drive voltage control 
with a consideration on threshold voltage, etc. In 
temperature compensation with respect to a drive 
voltage contrcl, it is particularly to be noted that 
mutually related drive conditions such as the pulse 
duration AT and the drive voitage are largely 
changed depending cn temperature, and such 
drive conditions allowable at a prescribed tempera- 
ture are restricted to a narrow range. It is extremely 
difficult to manually control the pulse duration, 
drive voltage, etc., accurately in accordance with a 
change in temperature. 

SUMMARY OF THE INVENTION 

With the above described difficulties in view, it 
is an object of the present invention to provide a 
voltage generating apparatus which allows the sup- 
ply of an effectively large maximum drive voltage 
within a withstand voltage of a data electrcde driver 
without a substantial increase of the withstand volt- 
age, and also a driving apparatus using the same. 

Another object of the present invention is to 
provide a driving apparatus suitable for realization 
of an appropriate temperature compensation. 

According to a principal aspect of the present 
invention, there is provided a driving apparatus 
comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 
and data electrodes, and 

b) a drive voltage generating unit including a 
first means for generating a fixed voltage, a second 
means for generating a source voltage for provid- 



ing drive voltages for driving the electrode matrix, 
and a third means for generating a first voltage 
equal to a subtraction of the fixed voltage from the 
source voltage and a second voltage equal to a 
s subtraction of the source voltage from the fixed 
voltage. 

According to another aspect of the present 
invention, there is provided the driving apparatus 

jo further provided with an appropriate temperature 
compensation means. 

These and other objects, features and advan- 
tages of the present invention will become more 
apparent upon a consideration of the following de- 

is scription of the preferred embodiments of the 
present invention taken in conjunction with the ac- 
companying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a display 
apparatus using a driving apparatus according to 
the present invention; 

25 Figure 2 is a graph showing a relationship of 

operation voltages and drive potentials in the 
present invention; 

Figure 3 is a diagram showing a relationship 
among temperature, drive voltage and frequency; 

30 Figures 4A and 4B are respectively a cir- 

cuitry of a driving apparatus of the present inven- 
tion; 

Figure 5 is a block diagram of a display 
apparatus using another driving apparatus accord- 
as ing to the present invention; 

Figure 6 is a circuit diagram of another pow- 
er supply circuit used in the present invention; 

Figure 7 is a flow chart of operation se- 
quence for setting voltages used in the present 
40 invention; 

Figure 8 is a circuit diagram of another pow- 
er supply circuit used in the present invention; 

Figure 9 is a block diagram of a display 
apparatus using a conventional driving apparatus; 
45 Figure 10 is a waveform diagram showing 

driving waveforms for a ferroelectric liquid crystal 
pane! as used in the present invention; 

Figure 1 1 is a characteristic chart showing a 
relationship between the drive voltage and applica- 
so tion time for a ferroelectric liquid crystal panel; and 

Figure 12 is a characteristic chart showing a 
■relationship between the temperature and drive 
voltage for a ferroelectric liquid crystal panel. 

55 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS • 
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Figure 1 is a block diagram showing a driving 
apparatus of the present invention. A display panel 
11 includes a matrix electrode structure comprising 
scanning electrodes and data electrodes intersect- 
ing each other. Each intersection of the scanning 
electrodes and data electrodes constitutes together 
with a ferroelectric liquid crystal disposed between 
the scanning electrodes and data electrodes. The 
orientation of the ferroelectric liquid crystal at each 
pixel Is modulated or controlled by the polarity of 
the drive voltage applied to the pixel. The scanning 
electrodes in the display panel 1 1 are connected to 
a scanning electrode driver 12, and the data elec- 
trodes are connected to a data electrode driver 13. 

Voltages (or potentials) V 001 , Vssi, V DD2p GND, 
V SS2 and V SS3 required for operation of the scan- 
ning electrode driver 12 and the data electrode 
driver 13, and the voltages (or potentials) V,, V 3 , 
Vc, V* and V2 required for operation of the display 
panel 11 are supplied from a power supply circuit 
14 to a driving unit including the scanning elec- 
trode driver 12 and the data electrode driver 13. 
Further, the power supply circuit 14 is supplied 
with two external supply voltages + V and -V. 

In the scanning electrode driver 12. the logic 
circuit is operated by a voltage of (V001 - V S si). and 
the output stage circuit is driven by a voltage of 
(Vodi - Vssa). I" the data electrode driver 13, the 
logic circuit is operated by a voltage of (V 002 - 
GND) and the output stage circuit is operated by a 
voltage of (V 0 dz - V SS2 ). In this embodiment, the 
scanning electrode driver 12 comprises a high- 
voltage process IC having a maximum rated volt- 
age of 36 volts and including a logic circuit show- 
ing an operation frequency on the order of 30 kHz. 
Further, the data electrode driver 13 comprises a 
high-voltage process IC having a maximum rated 
voltage of 18 volts and including a logic circuit 
showing an operation frequency on the order of 5 
MHZ. In correspondence with this, the operational 
potential ranges and drive voltage ranges are set 
as shown in Figure 2. The control signal uses an 
input voltage range of ( + 5 V -GND), and the op- 
eration voltage ranges are respectively set as fol- 
lows: scanning electrode driver logic circuit (V D oi - 
V SS1 ) = (14 V - 9 V), scanning electrode driver 
output stage circuit (V D01 - V SS3 ) = (14 V • (-22 V)), 
data electrode driver logic circuit (V 0D2 - GND) = 
(5 V - 0 V), data electrode output stage circuit 
(Vooa - V SS2 ) = (5 V - (-13 V)). From the above- 
mentioned drive voltage design, the central voltage 
Vc among the drive voltages become Vc = -4 V, 
and the variable ranges for the respective voltages 
are as follows: Vi = -4 V to + 14 V, V 3 = -4 V to 
+ 5 V, Vt = -4 V to -13 V, V2 = -4 V to -22 V. 

A temperature sensor 15 comprising a 
temperature-sensitive resistive element is disposed 
on the display panel 11, and the measured data 



therefrom are taken in a control circuit 17 through 
an A/D (analog/digital) converter 16. The measured 
temperature data are compared with a data table 
prepared in advance, and a pulse duration AT 

5 providing an optimum drive condition based on the 
comparison data is outputted as a control signal 
while a data providing a drive voltage Vo is sup- 
plied to a D/A converter 19. The data table have 
been prepared in consideration of the characteris- 

10 tics shown in Figures 11 and 12. An example of 
such data table reformulated in the form of a chart 
is shown in Figure 3, wherein the abscissa repre- 
sents the temperature Temp, and the ordlnates 
represent the drive voltage V 0 and frequency f (f = 

15 1/AT). As shown in Figure 3, if a frequency f is 
fixed in a temperature range (A), the drive voltage 
Vo decreases as the temperature Temp, increases 
until it becomes lower than Vmin. Accordingly, at a 
temperature (D), a larger frequency f is fixed and a 

20 drive voltage V 0 is determined "corresponding 
thereto. Further, similar operation and re-setting are 
effected in temperature ranges (B) and (C) and at a 
temperature (E). The shapes of the curves thus 
depicted vary depending on the characteristics of a 

25 particular ferroelectric liquid crystal used, and the 
charts of f and V are determined corresponding 
thereto. 

Next, a procedure of changing a set value of 
drive voltage V 0 in accordance with a temperature 

30 change is explained with reference to Figure 4A 
and Figure 4C which shows an equivalent circuit of 
differential amplifiers contained in Figure 4A. 

A digital drive voltage V 0 data from the control 
circuit 17 is supplied to the D/A converter 19 where 

35 ' it is converted into an analog data, which is then 
outputted as a voltage Vv onto a drive voltage 
control line v in a drive voltage generating circuit 
40 in the power supply circuit 14 via a buffer 
amplifier 41. The drive voltage control line v is 

40 connected to differential amplifiers Di and D 2l 
where differentials between the voltage Vv and a 
fixed voltage Vc (= -4 V) are taken to output a 
voltage Vi(= (Vv-Vc) + Vc) from the differential am- 
plifier D t and a voltage V 2 (= (Vc-Vv) + Vc) from 

45 the differential amplifier D 2 . In this instance, the 
output voltage Vi from the differential amplifier Di 
and the output voltage V 2 from the differential 
amplifier D 2 are set to have a positive polarity and 
a negative polarity with respect to a standard volt- 

50 age level set between the maximum value and 
minimum value of the supply voltage for driving the 
scanning electrode driver 12 and the data electrode 
driver 13. 

. In this embodiment, the voltage Vv on the drive 
55 voltage control line v is set to satisfy a relationship 
of -4 V (Vc) i Vv S + 14 V (V001). In this embodi- 
ment, the voltage Vv is varied in the range of -4 V 
to + 1 4 V depending on temperature data. Further. 
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between the differentia! amplifiers' output Vi and 
V 2 , four voltage division resistors Ri, R 2 , Ra and 
R* are connected in series, and division voltages 
each for 1 resistor are outputted as output voltages 
V 3 , Vc and V* in the order of higher to lower 
voltages. Then, these voltages are led to buffer 
operational amplifiers B 3 , Be and B*. In this em- 
bodiment, in order to output drive voltages as 
shown in Figure 10, the four resistors Ri, R 2 , Rj 
and R+ are set to have the same resistance so as 
to provide ratios of voltages with respect to the 
potential Vc of Vi:V 3 :V*:V 2 = 2:t:1:2. The voltages 
generated by the differential amplifiers Di , D2 and 
buffer operational amplifiers B3. Be and B*. are 
supplied to current amplifiers Ii, I2, b. Ic and U, 
among the outputs from which Vj, Vc and V2 are 
supplied to the scanning electrode driver, and V 3 , 
Vc and V* are supplied to the data electrode driver. 

According to Figure 4C showing an equivalent 
circuit of the differential amplifiers Dj and D 2 in 
Figure 4 in a more generalized manner, a fixed 
voltage Vc provides a reference voltage for a volt- 
age Vv which corresponds to an input voltage to 
the drive voltage generating circuit 40, and an 
offset voltage V 0((ie , provides a reference voltage 
for a voltage Eo which corresponds to an output 
voltage of the drive voltage generating circuit 40. 
As a result, the following equations are derived. 

When Ri 1 = R12, the potentials P at points @ 
and ® are given by: 
P A = (Vv + V offsa( )/2. ' 
P 8 = (Vc + Eo(V,))/2. 

As the differential amplifiers Di and 02 constitute 

imaginary short-circuit, P A = Pa* that is, 

Vv + V oHsal a Vc + Eo(V,). 

This leads to Vv - Vc = Eo(V0 = V 0 „ stt . 

On the other hand, the potentials at points © 
and @ are given by: 
Pc = (-Vv + V 0(f „,V2. 
P 0 = (-Vc + Eo(V 2 ))/2. 
Again P c = P 0 . so that 
-Vv + V 0((set = -Vc + Eo (V 2 ). 
which leads to 
-Vv + Vc = Eo(V 2 ) - V offset . 
Accordingly, when Rn and R12 are set to arbitrary 
values, the following equations are given: 
Eo(V,)-V 0((S(It = -(R 12 /Ru)(Vc-Vv) 
Eo(V 2 ) - V olfMt = (Rw/RnJfVc-Vv). 

In an example set of voltages generated in the 
drive voltage generating circuit the voltage Vv on 
the drive voltage control line is given as Vv = +6 
V, Vc = -4 V, V 0((sat = Vc, Rn = R12, and then 
the respective drive voltages are given as follows: 
Eo(V,) = -(Vc-Vv) + Vc( = V etfS8t ) = +6 V 
Eo(V 2 ) = (Vc-Vv) + Vc(= V ofiMl ) = -14 V 
V 3 = (|V, I + |V 2 |) x3/4 + V 2 = +1 V 
V* = (|V,| + |V 2 |) x 1/2 + V 2 = -9 V. 

In the present invention, the offset voltage can 



be set to an arbitrary value, preferably in a range 
between the maximum output voltage and the mini- 
mum output voltage of the circuit 40, particularly 
the mid voltage in the range. 

s In the above embodiment, the current amplifi- 

ers h, I3, Ic, U and l 2 are provided so as to stably 
supply prescribed powers. In case of a TN-type 
liquid crystal device in general, a capacitor is sim- 
ply disposed in parallel with each voltage division 

to resistor as the capacitive load is small; In case of a 
ferroelectric liquid crystal showing a large capaci- 
tance, a voltage drop accompanying the load 
switching is not negligible. In order to solve the 
problem, the current amplifiers are disposed to 

75 provide larger power supplying capacities, thus 
providing a good regulation performance. Further, 
there is actually provided a circuit structure includ- 
ing feedback lines for connecting the outputs of the 
current amplifiers h - U and Ic to the feed lines of 

20 the differential amplifiers Dt, D 2 , buffer operational 
amplifiers B 3l B* and Be, respectively, while not 
shown in Figure 4, so as to remove a voltage drift ■ 
of output voltages V> - Vt and Vc. 

Figure 4B shows another embodiment of the 

25 present invention wherein the output voltage V 3 is 
obtained by means of a voltage division resistor Ri 
and the output voltage V4 is obtained by means of 
a voltage division resistor R 2 . 

Figure 4D shows another embodiment of the 

30 present invention, wherein two source voltages Vvt 
and Vv2 are used in combination with differential 
amplifiers Dt - Ds and current amplifiers Ii - Is. In 
this embodiment, the resistors are set to satisfy 
R12/R11 = 7, and R 22 /R 2 i = 3.5. 

35 Figure 5 shows another embodiment of the 
present invention, wherein a drive voltage generat- 
ing circuit different from the one used in the power 
supply circuit 1 4 shown in Figure 1 is used. 

In this embodiment, a power supply circuit or 

40 unit 14 is provided with a voltage hold circuit 51, an 
operational amplifier 52 and a current amplifier 53. 
The voltage hold circuit 51 comprises mutually 
independent four circuits for the voltages V», V 2 , 
V 3 and Vi, respectively. According to the circuit 

45 51, prescribed voltages Vi, V 2 , V 3 and Vi serially 
outputted from a D/A converter 19 are sampled and 
held by the respective circuits to set four voltages. 

Figure 6 is a circuit diagram showing an exam- 
ple of the power supply circuit 14 according to this 

so embodiment. More specifically, the power supply 
circuit 14 shown in Figure 6 is one provided with a 
means for changing a set value of drive voltage in 
accordance with a temperature change, and com- 
prises four stages including amplifiers 50a - 50b, 

55 voltage hold circuits 51 a - 51d, operational amplifi- 
ers 52a - 52d, and current amplifiers 53a - 53d. As 
already described, set voltage data Di in the form 
of digital signals are sent from the above-men- 
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tioned control circuit 17 to a D/A converter 19, 
where the digital data are converted into analog 
data, which are then supplied to the voltage hold 
circuits 51a - 51 d via the amplifier 50a for V t /V 2 
and the amplifier 50b for V3/V4. 

Figure 7 is a flow chart showing an example 
sequence of control operation for sampling and 
holding set voltages in the voltage hold circuit 51a 
- 51 d. In the control sequence, first of all as shown 
in Figure 7, a set voltage for Vi is set in the D/A 
converter 19, and a sampling signal SHi for.Vt is 
supplied to the voltage hold circuit 51a for Vi, 
where a set voltage vi for Vi supplied through the 
amplifier 50a is sampled and held. Then, a similar 
operation is repeated by using sampling signals 
SH 2 . SH 3 and SH* to hold set voltages v 2 , v 3 and 
v* in the voltage hold circuits 51b. 51c and 51 d, 
respectively. 

Then, the voltages vi, v 2 , v 3 and v* set in the 
voltage hold circuits 51a, 51b, 51c and 51 d are 
respectively supplied to the operational amplifiers 
52a, 52b, 52c and 52d, respectively. The oper- 
ational amplifiers 52a - 52d are differential amplifi- 
ers similar to Di and D2 in Figure 4A, whereby the 
differentials between the set voltages vt - v* and a 
fixed voltages Vc (= -4 V) are taken. In this em- 
bodiment the respective set values are set to 
satisfy the ranges of -4 V i vi , v 2 S 1 4 V, and -4 V 
5 v 3 . v* 5 5 V. Accordingly, as a result of differen- 
tial operation by means of the operational amplifi- 
ers 52a - 52d, voltages Vi - V* are generated so as 
to satisfy the following conditions: 
-4V£ V, (= (v r v c ) + v c )S 14 V 
-22 V£V 2 (= (v c -v 2 ) + 
-4VS V 3 (= (v 3 -v c ) + v c )S5V 
-13 V£V* (= (v c -v*) + vJS-4 V. 

Further, the voltages generated in the oper- 
ational amplifiers 52a - 52d and a voltage ioifower 
operation amplifier 52e for Vc are respectively sup- 
plied to the current amplifiers 53a - 53e, from 
which the outputs Vi. Vc and V 2 are supplied to 
the scanning electrode driver 12 and the outputs 
Va , Vc and V* are supplied to the data electrode 
driver 13. As described above, the current amplifi- 
ers 53a - 53e are provided so as to stably supply 
required powers. 

In the above described embodiment, analog 
voltages are retained in the voltage hold circui-s. 
The present invention is, of course, not restricted :d 
this mode, but it is possible to hold digital set 
voltages Di as they are for providing drive voltages. 
Figure 8 is a circuit diagram of a voltage hold 
circuit for such an embodiment Referring to Figure 
8, the voltage hold circuit comprises 4 sets of a 
data register and a D/A converter. When sampling 
signals SHi - SH* are supplied from the control 
circuit 17, set voltage data Di are stored in data 
registers 61 a - 61 d for voltages Vt - W. The data 



in the data registers 61a - 61 d are supplied to the 
D/A converters 62a - 62d respectively connected 
thereto and then outputted as the above-mentioned 
hold voltages v* - v* in analog form. 

5 As described above, according to the present 
invention, differentials between hold voltages vi - 
Vi generated from set voltage data for providing 
voltages Vi - V* and a fixed voltage Vc are respec- 
tively taken to provide positive voltages Vi , V 3 and 

10 negative voltages V*. V 2 with respect to the fixed 
voltage Vc as the reference. According to this 
voltage generating system, even if a scanning elec- 
trode driver and a data electrode driver having 
different rated or withstand voltages are used, 

is maximum drive voltages with the respective with- 
stand voltage limits can be outputted as different in 
a conventional voltage division by means of resis- 
tors. Further, the above four kinds of drive voltages 
can be independently varied, so that a broad free- 

20 dom is provided in drive voltage control for tem- 
perature compensation. Further, it is not necessary 
to use a data electrode driver having an exces- 
sively high withstand voltage which may result in a 
lower operation speed. 

25 In a preferred embodiment of the present in- 
vention, a ferroelectric liquid crystal panel may be 
used as the display panel 11. In the present inven- 
tion, it is also possible to use driving waveforms 
disclosed in, e.g., U.S. Patent Nos. 4,655,561 and 

30 4,709,995 in addition to those shown in Figure 10. 

A driving apparatus comprises a driving unit 
and a drive voltage, generating unit. The driving unit 
includes a scanning electrode driver and a data 
electrode driver for driving an electrode matrix 

as formed of scanning electrodes and data electrodes. 
The drive voltage generating unit includes a first 
means for generating a fixed voltage, a second 
means for generating a source voltage for provid- 
ing drive voltages for driving the electrode matrix, 

40 and a third means for generating a first voltage 
equal to a subtraction of the fixed voltage from the 
source voltage and a second voltage equal to a 
subtraction of the source voltage from the fixed 
voltage. The first and second voltages are prefer- 

45 ably controlled so as to vary depending on an 
external temperature. 

Claims 

50 

1. A driving apparatus, comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 

55 and data electrodes, and 

b) a drive voltage generating unit including a 
first means for generating a fixed voltage, a second 
means for generating a source voltage for provid- 
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ing drive voltages for driving the electrode matrix, 
and a third means for generating a first voltage 
equal to a subtraction of the fixed voltage from the 
source voltage and a second voltage equal to a 
subtraction of the source voltage from the fixed 
voltage. 

2. An apparatus according to Claim 1 , wherein 
said drive voltage generating unit includes means 
for generating voltages equal to additions of an 
offset voltage to the first voltage and the second 
voltage, respectively. 

3. An apparatus according to Claim 2, wherein 
said offset voltage is equal to the fixed voltage. 

4. An apparatus according to Claim 1, wherein 
said third means includes means for generating 
division voltages between the first and second vol- 
tages. 

5. An apparatus according to Claim 1, wherein 
said third means includes a plurality of resistors 
arranged in series between the output stage for 
generating the first voltage and the output stage for 
generating the second voltage. 

6. An apparatus according to Claim 1 , wherein 
said fixed voltage is a voltage set to an intermedi- 
ate value between the maximum output voltage and 
the minimum output voltage of the drive voltage 
generating unit. 

7. An apparatus according to Claim 1 1 wherein 
said fixed voltage is a mid voltage between the 
maximum output voltage and the minimum output 
voltage of the drive voltage generating unit. 

8. A driving apparatus, comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 
and data electrodes, 

b) a drive voltage generating unit including a 
first means for generating a fixed voltage, a second 
means for generating a source voltage for provid- 
ing drive voitages for driving the electrcde matrix, 
and a third means for generating a first voltage 
equal to a subtraction of the fixed voltage from the 
source voltage and a second voltage equal to a 
subtraction of the source voltage from the fixed 
voltage, and 

c) control means for controlling the drive 
voltage generating means so that, the first and 
second voltages will be prescribed voltages varying 
depending on an external temperature. 

9. An apparatus according to Claim 8, wherein 
said drive voltage generating unit includes means 
for generating voltages equaJ to additions of an 
offset voltage to the first voltage and the second 
voltage, respectively. 

10. An apparatus according to Claim 9, wherein 
said offset voltage is equal to the fixed voitage. 



11. An apparatus according to Claim 8, wherein 
said third means includes means for generating 
division voltages between the first and second vol- 
tages. 

s 12. An apparatus according to Claim 8, wherein 

said third means includes a plurality of resistors 
arranged in series between the output stage for 
generating the first voltage and the output stage for 
generating the second voltage. 

w 13. A driving apparatus, comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 
and data electrodes, 

/s b) a drive voltage generating unit including a 

first means for generating a fixed voltage, a second 
means for generating a source voltage for provid- 
ing drive voltages for driving the electrode matrix, 
and a third means for generating a first voltage 

20 equal to a subtraction of the fixed voltage from the 
source voltage and a second voltage equal to a 
subtraction of the source voltage from the fixed 
voltage, and 

c) control means for controlling said second 

25 means so that said source voltage will be a pre- 
scribed voltage varying depending on an external 
temperature. 

14. An apparatus according to Claim 13, 
30 wherein said drive voitage generating unit includes 

means for generating voltages equal to additions of 
.an offset voltage to the first voltage and the second 
voltage, respectively. 

15. An apparatus according to Claim 14, 
as . wherein said offset voltage is equal to the fixed 

voltage. 

16. An apparatus according to Claim 13, 
wherein said third means includes means for gen- 
erating division voitages between the first and sec- 

40 ond voltages. 

17. An apparatus according to Claim 13, 
wherein said third means includes a plurality of 
resistors arranged in series between the output 
stage for generating the first voltage and the output 

45 stage for generating the second voltage. 

18. A driving apparatus, comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 

so and data electrodes, and 

b) a drive voltage generating unit including a 
first means for holding a plurality of different vol- 
tages, a second means for generating a fixed volt- 
age, and a third means for generating a plurality of 

55 voltages each obtained from one voltage of the 
plurality of the different voltages either by subtrac- 
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ting the fixed voltage from the one voltage or by 
subtracting the one voltage from the fixed voltage. 

19. An apparatus according to Claim 18, 
wherein said drive voltage generating unit includes 
means for generating voltages equal to additions of 
an offset voltage to the voltage obtained by the 
subtraction. 

20. An apparatus according to Claim 18, which 
includes a control means; said first means includ- 
ing a plurality of voltage holding means, and the 
control means controlling the plurality of holding 
means so that they will respectively hold one of the 
plurality of voltages which are serially supplied. 

21. An apparatus according to Claim 18, 
wherein said first means comprises a data register 
and a digital/analog converter. 

22. An apparatus according to Claim 18, 
wherein said third means generates a maximum 
voltage and a minimum voltage which are of mutu- 
ally opposite polarities with respect to the fixed 
voltage. 

23. An apparatus according to Claim 18, 
wherein said fixed voltage is a voltage set to an 
intermediate value between the maximum output 
voltage and the minimum output voltage of the 
drive voltage generating unit. 

24. An apparatus according to Claim 18, 
wherein said fixed voltage is a mid voltage between 
the maximum output voltage and the minimum 
output voltage of the drive voltage generating unit 

25. A driving apparatus, comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 
and data electrodes, 

b) a drive voltage generating unit including a 
first means for holding a plurality of different vol- 
tages, a second means for generating a fixed volt- 
age, and a third means for generating a plurality of 
voltages each obtained from one voltage of the 
plurality of the different voltages either by subtrac- 
ting the fixed voltage from the one voltage or by 
subtracting the one voltage from the fixed voltage, 
and 

c) control means for controlling the drive 
voltage generating means so that the plurality of 
voltages obtained by the subtraction will be pre- 
scribed voltages varying depending on an external 
temperature. 

26. An apparatus according to Claim 25, 
wherein said drive voltage generating unit includes 
means for generating voltages equal to additions of 
an offset voltage to the plurality of the voltages 
obtained by the subtraction, respectively. 



27. An apparatus according to Claim 25, which 
includes a control means; said first means includ- 
ing a plurality of voltage holding means, and the 
control means controlling the plurality of holding 

s means so that they will respectively hold one of the 
plurality of voltages which are serially supplied. 

28. An apparatus according to Claim 25, 
wherein said first means comprises a data register 
and a digital/analog converter. 

to 29. An apparatus according to Claim . 25, 
wherein said third means generates a maximum 
voltage and a minimum voltage which are of mutu- 
ally opposite polarities with respect to the fixed 
voltage. 

js 30. A driving apparatus, comprising: 

a) a driving unit including a scanning elec- 
trode driver and a data electrode driver for driving 
an electrode matrix formed of scanning electrodes 
and data electrodes, 

20 b) a drive voltage generating unit including a 

first means for holding a plurality of different vol- 
tages, a second means for generating a fixed volt- 
age, and a third means for generating a plurality of 
voltages each obtained from one voltage of the 

25 plurality of the different voltages either by subtrac- 
ting the fixed voltage from the one voltage or by 
subtracting the one voltage from the fixed voltage, 
and 

c) control means for controlling the drive 
30 voltage generating means so that the plurality of 
different voltages held by the first means will be 
prescribed voltages. varying depending on an exter- 
nal temperature. 

35 31. An apparatus according to Claim 30, 
wherein said drive voltage generating unit includes 
means for generating voltages equal to additions of 
an offset voltage to the plurality of the voltages 
obtained by the subtraction, respectively. 

32. An apparatus according to Claim 30, which 
includes a control means; said first means includ- 
ing a plurality of voltage holding means, and the 
control means controlling the plurality of holding 
means so that they will respectively hold one of the 

45 plurality of voltages which are serially supplied. 

33. An apparatus according to Claim 30, 
wherein said first means comprises a data register 
and a digital/analog converter. 

34. An apparatus according to Claim 25. 
so wherein said third means generates a maximum 

voltage and a minimum voltage which are of mutu- 
ally opposite polarities with respect to the fixed 
voltage. 

55 



8 



EP 0 314 084 A2 



Q 

>2 > 

jLLL 



unodio Aiddns d3MOd 



8 a g§ « - 



to 
> 



o 
> 



> 



CVJ 

> 



TTTTTTf f J J f 



0> 



< 

Q 



— - q ro 



- O CM 
> > > 



Mil lit 



CM 



3aoyio3"i3 NVDS 



V 




o 
> 



(17) 1VN9IS 
HOdlNOD 



V 



00 



7 s * J* 



UJ 
> 

tr 

Q 
UJ 

a 
o 
a: 
h- 
o 

UJ 

_i 

UJ 

< 
a 



04 

a 
a 



CO 

> 



to 



CO 



ro 
> 



o 
> 



o 



o 
cr 

O 

o 



Q 
< 



CD 
Ll 



BP 0 314 084 A2 



(Vddi)+I4V 



(Vssi)+9V 



(Vdd2) + 5V 



GND 



(Vc)-4V -« 



(Vss2)-l3V 



(Vss3)-22V 



d 

i-igo 

/1o§ 



_J 
< 
z 
o 

<n,_ 

h- => 
ZL 
OZ 
o — 



3- 







PI 


/ 




/ 


/ 




/ 


/ 




/ 



OUTPUT STAGE 
CIRCUIT 

A. . 




F I G. 2 



EP 0 314 084 A2 




F I G. 3 



EP 0 314 084 A2 




EP 0 314 084 A2 




F I G. 4C 



EP 0 314 084 A2 



O 

l 
i 
( 



> 
O 



> 



> 



> 



CM 
> 




> 
> 



to 



CD 



A 





A 



<> — Wr- 1 



< 

Q 



O 
> 



H O 

2 a: 

o - 

a o 




> 



> 



T 



CD 



BP 0 314 084 A2 




FIG. 4D 



EP 0 314 084 A2 



Z 
3 

> 

CL 
£L 
D 

cr 

LU 

o 



+ O 1 

J_j_L 



cm ro r- 



cm 0 

Q (0 Q y « w 

Q to Q Z OJ (/> 

> > > V > > 



huh 



o ro 

Q in w 

a w w 

> > O > 



'OUI0 Q10H 39V110A 



USIdHdlAIV dO — 



daidiidwv ±N3dano 



t r 



10 



ro 
> 



— O 04 
> > > 



CM 



UJ LLi 



d3Aiya 

3Q0ai0313 NV3S 



i 



(IV) 1VN9IS 
" "lOdlNOO 



< 
Q- 

> 
< 

CL 
CO 



CO 



ir 
uj 
> 

cc 

Q 

LU 
Q 
O 
£T 
(- 
O 
LU 
_J 
LU 

< 
Q 



cm e> 



ro 




CD 




F ! G. 6 



EP 0 314 084 A2 



( START ) 









SAMPLING BY VOLTAGE HOLD CIRCUIT 
FOR VI 


— - V| HOLD 















SAMPLING BY VOLTAGE HOLD CIRCUIT 
FOR V2 


— *■ v 2 HOLD 








SETTING- VOLTAGE DATA FOR V3 IN D/A 




SAMPLING BY VOLTAGE HOLD CIRCUIT 
FOR V3 


— m. v 3 HOLD 








SETTING VOLTAGE DATA FOR V4 IN D/A 






SAMPLING BY VOLTAGE HOLD CIRCUIT 
FOR V4 


— - v 4 HOLD 







( FINISH ) 



F I G. 7 



BP 0 314 084 A2 



Dl 



SHl 



1 



61a 



DATA REGISTER 
FOR Vi 

I 



62 a 



D / A 



.61b 



DATA REGISTER 
FOR V2 



SH2 



,62b 



D /A 



V2 



1 



61c 



DATA REGISTER 
FOR V3 



SH3 



,62c 



D / A 



V3 



1 



,6ld 



r 

SH4 



DATA REGISTER 
FOR V4 



62d 



D /A 



v 4 



Fl G. 8 



EP 0 314.084 A2 



Rl 



Rl 



R2: 



Rl 



RV: 



VIKVdd) 
■VI6 VddVss 

J_L 

-VI3 u 

a 
o 

cc cr 

zu> 
< u — 
o-io: 



VII 



3 VI2 
VI4I 

H 



DATA ELECTRODE 
DRIVER 



-VI4 



•VI5 



-VI2 



VII 




DISPLAY 
PANEL 



Vss 



VI5 
VI2 VI6 



F I G. 9 



SCAN ELECTRODE I — 1 



SCAN ELECTRODE 2 



VC 



'VI2r 



DATA ELECTRODE 




PIXEL VOLTAGE 



V 



LU 



AT 



FIG. 10 



r 



EP 0 314 084 A2 




DRIVE VOLTAGE V 

FIG. II 



> 




o 




o 




_l 


^^^^^ 




Vth 




TEMP. 



FIG. 12 



© 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 314 084 

A3 



© 



© Application number: 83117786.9 
© Date of filing: 25.10.88 



EUROPEAN PATENT APPLICATION 
© into.* G09G 3/36 



© Priority: 26.10.87 JP 271120/87 


© Applicant: CANON KABUSHIKI KAISHA 


12.11.87 JP 284158/87 


30-2, 3-chome, Shimomaruko, Ohta-ku 


@ Date of publication of application: 


Tokyo(JP) 


@ Inventor: Kanno, Hideo 


03.05.89 Bulletin 89/18 


© Designated Contracting States: 


8-7-6, Arima Miyamae-ku 


Kawasaki-shi Kanagawa-ken(JP) 


AT BE CH DE ES FR GB GR IT LI LU NL SE 


Inventor: Inoue, Hiroshi 




F-409, 1200-6 Kamariyacho Kanazawa-ku 


® Date of deferred publication of ~e search report: 


Yokohama-shi Kanagawa-ken(JP) 


09.05.90 Bulletin 90/19. 


Invsntor: Mizutome, Atsushi 




404-3-B-1 Shimotsuchidana 




Fujisawa-shi Kanagawa-ken(JP) 




© Representative: Roth, Ronald, Dipl.-lng. et at 




Patentanwaltsburo Tiedtke-Buhling 




-Kinne-Grupe-Pellmann-Grams-Struif 




-Winter-Roth Bavariaring 4 




D-6000 Munchen 2(DE) 



© Driving apparatus. 



© A driving apparatus comprises a driving rnit and 
a drive voltage generating unit. The driving unit 
includes a scanning electrode driver and a" data 
electrode driver for driving an electrode matrix 
formed of scanning electrodes anc data electrodes. 
The drive voltage generating unit includes a first 
means for generating a fixed vcltage, a second 
means for generating a source voftage for p-cviding 

^ drive voltages fcr driving the electrode matrix, and a 
third means for generating a first voltage ecual to a 
subtraction of the fixed voltage from the source 

q voltage and a second voiiage equa! to a subtraction 
of the source voltage from the fixed voltage. The first 

^and second voltages are preferably controlled so as 

p}to vary depending on an external temperature. 



OISPLiY PANEL 



a. 

hi 



p.ECTRCC* 03IVER 



VC 13 
16 



ja/p[ 1 CONTROL CIRC. 



VOOI 




Vttl 




Voo2 




GNO 




V«2 


u 


V«3 








VI 


-J 

1 

3 


V3 


VC 


! 


V4 




V2 





GNO 



F I G. I 



a. 

LU 



Xerox Cccy Cemre 



Si 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 88 11 7786 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION' (I"- CU) 



GB-A-2 188 471 (SHARP K.K..) 

* Figure 9; abstract; page .3;:- lines 
37-42 * ' ' 

IEEE TRANSACTIONS ON CONSUMER 
ELECTRONICS, vol. CE-28, no. 3, August 
1982, pages 196-200, IEEE, New York, 
US; T. FUJI I et al.: "DOT matrix LCD 
module for graphic display (64-320 
dots) 

* Figure 6(c); pace 198, column 1, 
lines 10-14 * 

US-A-4 186 436 (ISHIWATARI) 

* Figure 1; abstract * 

US-A-4 532 504 (P. A. FISHER) 

* Figure; column 2, lines 22-29 * 



The present search report has been drawn op for all daans 



1-3,8- 

11 



8,11,12 
,13,17, 
25,30 



G 09 G 3/36 



18,25, 
30 

21,28, 
33 



TECHNICAL FIELDS 
SEARCHED (Int. CU) 



G 09 G 



THE HAGUE 



fade of ( innj i cfi— i of Iht ccarck 

07-02-1990 



CORSI F. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with mother 

document of the same category 
A : technological background 
O : noo-wrineo disclosure 
P : intermediate document 



T : theory or principle loderiying the invention 
E : earlier .mem document, but published on, or 

after tbe filing date 
D : document cited io tbe application 
L : documeat cited for other reasons 

£ : member of the same patent family, corresponding 
document 



